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(3) Digital convergence apparatus 

(57) A digital convergence apparatus according to 
one aspect of the present invention includes a 
first memory for storing data for the converg- 
ence correction corresponding to plural correc- 
tion executing points aligned in the horizontal 
or vertical direction of a screen, a first static 
convergence data memory for storing a first 
static convergence correction data for correct- 
ing the entire screen in the same direction, a 
second static convergence data memory for 
storing a second static convergence correction 
data different from the first static convergence 
correction data only by an amount correspond- 
ing to the distance between the scanning lines, 
selecting means for selecting the output of the 
first or the second static convergence data 
memory according to the odd field period or the 
even field period, adding means for adding the 
output of the selecting means to the data stored 
in the first memory, and vertical interpolating 
means for interpolating the output of the adding 
means in the vertical direction and supplying it 
to a convergence correction coil. 
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The present invention relates to a digital conver- 
gence apparatus which is used in color television re- 
ceivers, and R, G and B three-tube type projection tel- 
evision receivers. 

The ever-increasing demand for large size color 5 
television receivers in these days has led to the de- 
velopment of large-sized direct viewing CRT-type col- 
or television receivers as large as more than 30". 
However, as CRTs in large size more than 30" in- 
crease in weight drastically, the 30" type CRT is con- 10 
skJered to be the limited size for practical use. 

On the other hand, as the projection type color 
television receivers are so structured that a picture 
from projection tubes (CRT) is projected after magni- 
fied through a lens system, they can be designed rel- 15 
atively compact in size and light in weight So, the pro- 
jection type has now become the mainstream in color 
television receivers in size larger than 40". 

The projection type color television receiver has 
monochrome projection picture tubes of R (red), G 20 
(green) and B (blue). The video signals in R (red), G 
(green) and B (blue) are then supplied to respective 
projection tubes which are aligned in a line. R, G and 
B images on respective projection tubes are magni- 
fied, projected and imaged on a screen through an 25 
optical system comprising lenses, reflectors, etc. 
However, some color deviations are induced in the 
projected image on the screen due to the different an- 
gles of incidence of beams emitted from respective 
projection tubes onto the screen, an alignment devia- 30 
tbn of the three monochrome projection tubes, un- 
matching of orbits of the electron beams due to the 
earth magnetism, etc To overcome the improper con- 
vergence, a convergence correction apparatus is pro- 
vided to focuses R, G and B image electron beams on 35 
the screen by correcting the deviation angles of the 
electron beams by applying the correction field 
through the convergence correction coil provided to 
the projection tube of each axis. 

FIGURE 8 is an explanatory diagram showing 40 
one example of such conventional projection type tel- 
evision receiver, while FIGURE 9 is an explanatory di- 
agram showing the arrangement of R, G and B pro- 
jection tubes in such conventional projection type tel- 
evision receiver. 45 

In FIGURE 8 a screen 2 is provided on the upper 
front side in a cabinet 1 . A chassis (not shown) is in- 
stalled on the floor of the cabinet 1 , and then an image 
receiving circuit (not shown), etc, are mounted on the 
chassis. Also, supporting members (not shown) are so 
mounted within the cabinet 1, so as that the R, G and 
B projection tubes 3R, 3G and 3B are installed in the 
cabinet 1 by being supported on these supporting 
members. R, G and B image electron beams are thus 
emitted from the R, G and B projection tubes 3R, 3G 55 
and 3B in response to the image signals provided 
from the image receiving circuit. The image electron 
beams emitted from the projection tubes 3R, 3G and 



3B are reflected by a reflection mirror 4 mounted on 
the front surface of the cabinet 1 as weD as a reflec- 
tion mirror 5 mounted on the rear surface through pro- 
jection lens 6R, 6G and 6B, respectively, thus project- 
ed on the screen 2. 

FIGURE 9 shows the orientations of the projec- 
tion tubes 3R, 3G and 3B viewed from the top of the 
cabinet 1. The R, G and B projection tubes 3R, 3G and 
3B are aligned in a horizontal line parallel to the 
screen 2, as shown in FIGURE 9. Further, the projec- 
tion tubes 3R, 3G and 3B are so arranged that their 
optical axes join to each other in consideration of the 
structure of the optical system. The R, G and B image 
electron beams from the projection tubes 3R, 3G and 
3B are emitted through respective projection lenses 
6R, 6G and 6B to form images on the screen 2. A mag- 
nified color image is thus displayed on the screen. 

By the way, a display unit employing a digital con- 
vergence apparatus, which is higher in cost than ana- 
log type convergence apparatus but easy to correct 
and has higher correction accuracy, is increasing in 
these years. FIGURE 10 is a block diagram showing 
a color television receiver with such a conventional 
digital convergence apparatus. In FIGURE 10, only 
the R image section is shown but other G and B image 
sections are also in the same structure as the R im- 
age section. 

The apparatus as shown in FIGURE 1 0 forms an 
image of a convergence correction pattern on a 
screen, corrects the color deviation of each part 
shown on the screen by correcting the convergence, 
stores the correction data of each part for one field in 
a memory, generates a correction signal from the cor- 
rection data read out in synchronization with the 
scanning of the screen and provides the correction 
signal as the correction current to the convergence 
correction coil. 

A grid pattern, generally called as a Crosshatch 
pattern, is often used for the correction of the conver- 
gence. In a manufacturing process an operator car- 
ries out the convergence correction by manipulating 
an adjusting tool while observing the convergence 
correction grid pattern on the screen. Normally, all in- 
tersecting points of the vertical and horizontal lines of 
the convergence correction pattern define the correc- 
tion executing points where the convergence correc- 
tions can be made. The operator selects any one or 
plural correction executing points and then carries 
out the correction so as to reduce the color deviation 
at the correction executing points using the adjusting 
tool. 

FIGURES 11(a) through 11(c) are explanatory di- 
agrams showing the Crosshatch patterns displayed 
on the screen by the R, G and B projection tubes be- 
fore the convergence correction is performed. FIG- 
URES 11(a) through 11(c) show patterns displayed 
on the screen by the projection tubes 3R, 3G and 3B 
of respective axes. Such distortions of the Crosshatch 
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patterns are induced due to the optica) system char- 
acteristic attributable mainly to the lenses, as shown 
in FIGURES 11(a) through 11(c). Thus correction cur- 
rents consistent with the distortions are supplied to 
convergence correction coils to reduce the color de- 
viations. 

In FIGURE 10, the high frequency television sig- 
nal (RF signal) induced on an antenna 11 is provided 
to a tuner 12, which selects a prescribed channel un- 
der the control of a channel selector 13. The tuner 12 
converts the RF signal into the intermediate frequen- 
cy signal (IF signal), and then supplies the IF signal 
to a detector/amplifier unit 14. After detected and am- 
plified by the detector/amplifier unit 14, the IF signal 
is provided to a signal processor IC 15. 

The signal processor IC 15 converts the input 
baseband video signals into R, G and B signals by 
executing a video signal processing, a chromatic 
processing and a synchronizing deflection process- 
ing to the baseband video signal. The R signal is sup- 
plied to a projection tube driver 16. The signal proc- 
essor IC 15 gives the horizontal pulse H separated 
from video signals to a horizontal driver 1 7 and a high 
voltage driver 18, and gives the vertical pulse V to a 
vertical output unit 19. 

A deflection driver 20 is comprised of the horizon- 
tal driver 17, a horizontal output unit 21, a horizontal 
output transformer 22 and the vertical output unit 19. 
The horizontal driver 17 gives the horizontal driving 
pulse of the horizontal period to the horizontal output 
unit 21, which generates the sawtooth wave current 
of the horizontal period and gives it to a horizontal de- 
flection coil 23. This sawtooth wave current is also 
provided to an intermediate voltage and a low voltage 
power units (not shown) via the horizontal output 
transformer 22. Further, the horizontal driving pulse 
HD of the horizontal period is also provided to a con- 
vergence corrector 25 from the horizontal output 
transformer 22. On the other hand, the vertical output 
unit 19 generates the sawtooth wave current of the 
vertical period from the vertical pulses and provides 
the current to a vertical deflection coil 24. The vertical 
output unit 19 also generates the vertical driving pulse 
VD of the vertical period and provides the pulse VD 
to the convergence corrector 25. 

The convergence corrector 25 is equipped with a 
memory having the capacity of one field, in which 
convergence correction data for generating the con- 
vergence correction currents are stored. The conver- 
gence corrector 25, when provided with the horizontal 
and vertical driving pulses HD and VD, reads data out 
of the memory in synchronization with the scanning 
of the screen and generates the correction current 
based on the read data. This correction current is pro- 
vided to a convergence correction coil 32 via a driving 
amplifier 31 to correct the distortion on the screen. 
Further, two convergence correction coils for the hor- 
izontal deflection and the vertical deflection are pro- 



vided. Also, the driving amplifier 31 are provided two 
coils for the convergence correction coils. According- 
ly, total six driving amplifiers are provided for the 
three of the R, G and B sections. 

5 The projection tube driver 16 drives a projection 

tube 29 according to the R-signal. The horizontal and 
vertical deflections of the projection tube 29 are con- 
trolled by the horizontal and vertical deflection coils 
23 and 24 and the convergence correction coil 32. 

10 Thus an image associated with the R-signal is emit- 
ted from the projection tube 29. The high voltage bias 
for the projection tube 29 is generated by a high vol- 
tage generator 28, which is comprised of the high vol- 
tage driver 18, a high voltage output unit 26 and a fly- 

15 back transformer 27. The high voltage driver 18 pro- 
vides the pulse with the horizontal period to the high 
voltage output unit 26, which provides the current with 
the horizontal period to the flyback transformer 27 to 
generate the high voltage bias output from the flyback 

20 transformer 27 during the horizontal retrace line per- 
iod. This high voltage bias output is provided to an 
anode 30 of the projection tube 29. 

The high voltage bias output from the high vol- 
tage generator 28 is detected by a resistance type vol- 

25 tage divider composing of resistors R1 and R2. The 
voltage on the connecting point of the resistors R1 
and R2 is input to a comparator 35, where a high vol- 
tage fluctuation component is detected by comparing 
the input voltage with the reference voltage and sup- 

30 plied to a high voltage controller 33. The high voltage 
controller 33, comprising a control transistor and a 
saturable reactor (not shown), operates to make the 
high voltage fluctuating component zero by control- 
ling the primary winding voltage of the flyback trans- 

35 former 27 in response to the high voltage fluctuating 
component A high voltage stabilizer 34 is composed 
by the divider including the resistors R1 and R2, the 
comparator 35 and the high voltage controller 33. 
FIGURE 12 is a block diagram showing the def i- 

40 nite construction of the convergence corrector 25 
shown in FIGURE 10. 

Correction data of the correction executing 
points on the Crosshatch pattern are obtained and 
stored in a data storage 41 in the manufacturing proc- 

45 ess of the projection type projector, etc, before ship- 
ping. When the power source of the projection type 
projector, etc, are turned on, first a control microcom- 
puter 42 transfers the correction data of the correc- 
tion executing points stored in the data storage 41 to 

50 a field memory 44 by controlling a data transfer con- 
troller 43. A selector 45 is controlled by the data trans- 
fer controller 43 to select either one of the write ad- 
dress from the data transfer controller 43 or the read 
address from a read address generator 46, and to 

55 provide the address output to the field memory 44. In 
transferring the data, the write address from the data 
transfer controller 43 is selected by the selector 45. 
When the transferring of the correction data to 
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the field memory 44 is completed, the data transfer 
controDer 43 provides the read address from the read 
address generator 46 to the field memory 44 by con- 
trolling the selector 45. The read address generator 
46, to which the horizontal and vertical synchronizing 5 
signals are input, have the correction data which is 
output from the field memory 44 correspond to a pos- 
ition on a screen by generating the read address in 
synchronization with the horizontal and vertical scan- 
nings. The correction data that are output in order 10 
from the field memory 44 are provided to an adder 47. 

Although deviations of static convergence in- 
duced due to the assembling tolerance of an electron 
gun, etc. can be corrected using the correction data, 
the deviation of the static convergence may be irv 15 
duced due to the earth magnetism due to the instal- 
ling direction, secular change, etc and the conver- 
gence deviation may not be certainly corrected using 
the correction data stored in the data storage 41 in 
some cases. So, a static convergence correction data 20 
which is adjustable by an operator is added to the cor- 
rection data to correct this static convergence devia- 
tion. 

A static convergence correction data output unit 
48 maintains static convergence correction data. The 25 
static convergence correction data is a data showing 
the amount of movement in the horizontal and vertical 
directions and is set for each of R, G and B colors. 
That is, the static convergence correction data is 
comprised of 6 kinds of data, each of which is com- 30 
prised of one word. Therefore, the static convergence 
correction data output unit 48 is provided with a mem- 
ory having the capacity to store 6 words for the ad- 
justing colors R, G and B in the horizontal and vertical 
directions. The static convergence correction data 35 
output unit 48 outputs the static convergence correc- 
tion data to the adder 47 corresponding to the correc- 
tion data provided from the field memory 44. 

Further, as described above, it is possible to mod- 
ify the static convergence data by an operator. The 40 
control microcomputer 42 is capable of modifying the 
static convergence data by giving data to the static 
convergence correction data output unit 48 by manip- 
ulating an entry unit 49 such as a remote controller. 
The adder 47 outputs the correction data from the 45 
field memory 44 to a vertical interpolator 50 with the 
static convergence correction data added. 

The correction executing points properly as- 
signed on scattered locations on a screen to reduce 
the capacity of the field memory 44 and a correction 50 
data between the correction executing points is ob- 
tained by the interpolation. That is, the vertical inter- 
polator 50 obtains a correction data between the cor- 
rection executing points in the vertical direction by in- 
terpolating the correction data in the vertical direc- 55 
tion. As a result, a correction data corresponding to 
each scanning line is output from the vertical interpo- 
lator 50. A D/A converter 51 converts the correction 



data from the vertical interpolator 50 into analog sig- 
nals and a low-pass filter (hereinafter referred to as 
LPF) 52 smooths the correction data in the horizontal 
direction by removing the harmonic component and 
provides to the convergence correction coil 32. 

In the normal video display, a selector 55 pro- 
vides video signals to a display 57 under the control 
of the control microcomputer 42 and the convergence 
correction coil 32 displays an image on the screen 
(not shown) without the color deviation by deflecting 
beam current corresponding to the correction vol- 
tage. Further, the convergence correction coil 32 is 
provided in two kinds; for horizontal and vertical direc- 
tions. The correction signal provided to the horizontal 
convergence correction coil displaces electron 
beams to the left at the positive polarity and to the 
right at the negative polarity. Further, the correction 
signal provided to the vertical convergence correction 
coil displaces electron beams in the downward direc- 
tion at the positive polarity and in the upward direction 
at the negative polarity. 

In the following, the convergence correction will 
be described in detail. 

A pattern generator 56 is provided with the output 
of the read address generator 46, generate a pattern 
signal for displaying an convergence correction pat- 
tern such as a Crosshatch pattern and outputs it to the 
selector 55. When an operator manipulates the entry 
unit 49 to direct the start of the convergence correc- 
tion, the control microcomputer 42 controls the selec- 
tor 55 to select the output of the pattern generator 56. 
Thus, a pattern signal is provided to a display 57 and 
a convergence correction pattern is displayed on the 
screen (not shown). 

The operator makes the correction to reduce col- 
or deviations at the correction executing points by 
manipulating the entry unit 49 while observing the 
correction pattern displayed on the screen. The infor- 
mation on this correction is supplied to the field mem- 
ory 44 and the data storage 41 as the correction data 
via the control microcomputer 42. The field memory 
44 stores the correction data at all the selected cor- 
rection executing points displayed on the screen and 
outputs the correction data in synchronization with 
the screen scanning under the control of the data 
transfer controller 43. The correction data read out of 
the field memory 44 is supplied to the convergence 
correction coil 32 via the vertical interpolator 50, the 
D/A converter 51, the LPF 52 and the amplifier 53 
likewise the normal video display operation. Thus, the 
color deviation at each part of the screen is adjusted. 

The operator makes the correction at each cor- 
rection executing point using the entry unit 49 so that 
the color deviation is minimized. As a result of the cor- 
rection, the correction data stored in the field memory 
44 and the data storage 41 are updated in order and 
the adjusted correction data for each correction exe- 
cuting point is stored in the data storage 41 . Thus, in 
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the normal video display operation, it becomes pos- 
sible to display video on the screen at a satisfactory 
convergence by reading the correction data stored in 
the data storage 41. 

FIGURE 13 is a block diagram showing a definite 
construction of the vertical interpolator 50 shown in 
FIGURE 12. The circuit shown in FIGURE 13 is dis^ 
closed in the Japanese Patent Application, Takkai- 
Sho No. 58-101586. 

In the circuit shown in FIGURE 13, it is assumed 
that the correction data at the correction executing 
points and the difference between the correction 
data at the correction executing points are stored in 
the field memory 44. FIGURE 14 is an explanatory di- 
agram showing the screen display when a Crosshatch 
pattern from the pattern generator 56 is supplied to 
the display 57. The intersecting points of the cross- 
hatch pattern are the correction executing points and 
FIGURE 14 indicates that 5 vertical points and 7 hor- 
izontal points, total 35 correction executing points are 
assigned. Correction data for 35 correction executing 
points are stored in the field memory 44. 

Now, it is assumed that correction data to correct 
the convergence at the correction executing points 
are DOO through D60, D01 through D61, ... D04 
through D64 as shown in FIGURE 15. The correction 
data DOO through D60 on the first line (hereinafter re- 
ferred to as the first adjusting line) of the Crosshatch 
are stored in the corresponding locations in the field 
memory 44. As to the second line of the Crosshatch 
(hereinafter referred to as the second adjusting line) 
and subsequent lines, the difference between the 
correction data of the Lth line of the Crosshatch (here- 
inafter referred to as the Lth adjusting line) and the 
correction data of the (L-1 )th adjusting line is obtained 
for each line and the obtained differential data is stor- 
ed in the corresponding location in the field memory 
44. For instance, the differential data d02 through d62 
between the correction data D02 through D62 of the 
third adjusting line and the correction data D01 
through D61 of the second adjusting line are stored 
in the field memory 44 as the correction data of the 
third adjusting line. Thus, the data shown in FIGURE 
1 6 are stored in the field memory 44. 

In FIGURE 13, the read address generator 46 is 
comprised of a Y address counter 61, an X address 
counter and a frequency divider 63. The frequency 
divider 63 starts the 2/n frequency division after it was 
cleared by a vertical sync signal and the first horizon- 
tal sync signal is input after the vertical sync signal is 
input That is, the frequency divider 63 counts a hor- 
izontal sync signal subsequent to the second horizon- 
tal sync signal after the vertical sync signal is input 
and carries out the 2/n frequency division by output- 
ting one clock at every n/2 counting. Further, "n" rep- 
resents the number of scanning lines between the 
correction executing points in the vertical direction. 

The output of the frequency divider 63 is supplied 



to the Y address counter 61. The Y address counter 
61 is cleared by a vertical sync signal and counting 
the output of the frequency divider 63, outputs the 
count output to the field memory 44 via the selector 

5 45. For instance, if the number of valid scanning lines 
of a video signal in the frame is 480 lines, "n" is 80 
lines in the frame when 5 adjusting lines are assigned 
per one frame. As data for one field is stored in the 
field memory 44, data corresponding to the scanning 

10 of the screen can be read out when Y address is up- 
dated for every n/2 scanning line (40 scanning lines). 

The X address counter 62 is cleared by a horizon- 
tal sync signal and counting a clock CLK, outputs the 
count output to the field memory 44 as an X address 

15 via the selector 45. The clock CLK represents a clock 
having pulses of m pieces of the correction executing 
points in the horizontal direction in one horizontal 
scanning period (m = 7 in FIGURE 14). 

The adder 47 adds a static convergence correo- 

20 tion data from the static convergence correction data 
output unit 48 to the data read out of the field memory 
44 and outputs the added data to a divider 65. Fur- 
ther, the adder 47 adds a static convergence correc- 
tion data S only when the correction data of the cor- 

25 rection executing point of the first adjusting line is 
read out of the field memory 44. 

On the other hand, the vertical interpolator 50 is 
comprised of the divider 65, an adder 66, a register 67 
and a latch 68. The divider 65 divides the output of the 

30 adder 47 by 2/n or 1/1 , and outputs the result of the 
division to the adder 66. The divisor n/2 of the divider 
65 is brought to agree with the frequency division ra- 
tio of the frequency divider 63. The adder 66 adds the 
output of the latch 68, which will be described later, to 

35 the output of the divider 65 and outputs the result to 
the register 67. The register 67 is provided with X ad- 
dress and stores m pieces of data from the adder 66 
and outputs them to the latch 68. Further, at the time 
when the vertical scanning period started, all the data 

40 retained in the register 67 represent zero (0). The out- 
put of the adder 66 is delayed by one horizontal scan- 
ning period through the register 67 and applied to the 
latch 68. The latch 68 latches the output of the register 
67 by the clock CLK and outputs it to the adder 66 and 

45 the D/A converter 51 . 

According to this constructions, the count output 
of the Y address counter 61 indicates zero (0). That 
is, at the timing at the uppermost part of the frame, 
the Y address counter 61 outputs Y address 0 for 

so reading the correction data of the first adjusting line 
of the field memory 44. On the other hand, the X ad- 
dress counter 62 counts m pieces of clock CLK gen- 
erated in one horizontal scanning period and outputs 
it as the X address. That is, the correction data DOO 

55 of the first correction executing point of the first ad- 
justing line of the field memory 44 is read out by the 
input of the clock CLK immediately after the horizon- 
tal sync signal. 
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The read correction data D00 is supplied to the 
divider 65 after added with a static convergence cor- 
rection data S in the adder 47. At this time, the divisor 
of the divider 65 is 1 and the correction data D00 + S 
is supplied to the adder 66 as it is. Further, at the time, 5 
0 is stored in the register 67 and the correction data 
D00 + S that is input to the adder 66 is stored in the 
register 67 as it is. Thereafter, the X address becomes 
large whenever the clock CLK is input, the correction 
data D 1 0 through D60 of the field memory 44 are read 10 
out in order and stored in the register 67 after added 
with the static convergence correction data S. 

In the next horizontal scanning period, the fre- 
quency divider 63 starts the 2/n frequency division of 
the horizontal sync signal. The output of the Y address is 
counter 61 becomes 1 and the differential data d01 
through d61 of the correction executing points of the 
second adjusting line of the field memory 44 are read 
out in order every time when the clock CLK is input 
The differential data d01 through d61 are supplied to 20 
the divider 65 without the static convergence correc- 
tion data S added. The divisor of the divider 65 at this 
time is n/2 and the differential data d01 through d61 
are multiplied by 2/n and output to the adder 66. 

The data stored in the register 67 for the preced- 25 
ing horizontal scanning period is output as it is in this 
horizontal scanning period via the latch 68. The adder 
adds the differential data 2 x d01/n from the divider 
65 to the correction data stored in the register 67 and 
stores the added result in the register 67. Similarly, 30 
the adder 66 adds the differential data (2 x d11/n) 
through (2 x d61/n) to the correction data (D10 + S) 
through (D60 + S), respectively, which are stored in 
the register 67 and stores the added results in the reg- 
ister 67. 35 

In the next horizontal scanning period, the output 
of the Y address counter 61 is also 1 . Accordingly, the 
differential data d01 through d61 of the second ad- 
justing line, which are stored in the field memory 44, 
are read out in order every time when the clock CLK 40 
is input The differential data is supplied to the divider 
65 via the adder 47 and after multiplied by 2/n, it is 
supplied to the adder 66. At the timing when the data 
(D00 + S + 2 x d01/n) stored is input to the adder 66, 
the data (D00 + S + 2 x d01/n) stored in the register 45 
67 is input to the adder 66 from the latch 68, and the 
adder 66 adds up both data and supplies the data 
, (D00 + S + 2 x 2 x d01/n) to the register 67 for reten- 
tion. Similarly, the data (D10 + S + 2 x 2 x d11/n) 
through (D60 + S + 2 x 2 x d61/n) are stored in the reg- 50 
ister 67 every time when the clock CLK is input 

Hereinafter, until a data "2" is output from the Y 
address counter 61 in the similar manner, the data of 
m (= 7) pieces stored in the register 67 become larger 
by (2 x d02/n) through (2 x d62/n) at a time, respec- 55 
trvely. When address 1 is output by n/2 times from the 
Y address counter 61, the data (D00 + s + d01) 
through (D60 + S + d61), that is, (D01 + S) through 



(D61 + S) are stored in the register 67. As a result the 
correction data for the correction executing points of 
the second adjusting line are reproduced. 

When the frequency divider 63 counts the n/2 
pieces of horizontal sync signals and outputs the 
pulse to the Y address counter 61 , the address of the 
Y address counter 61 becomes 2. As a result, the dif- 
ferential data d02 through d62 of the third adjusting 
line of the field memory 44 are read out in order when- 
ever the clock CLK is input Thereafter, until such a 
time when the same operation is repeated and the ad- 
dress of the Y address counter 61 becomes 3, data of 
m = 7 pieces stored in the register 67 become larger 
by (2 x d02/n) through (2 x d62/n) at a time, respec- 
tively. Thus, after the n/2 pieces of clocks CLK, the 
data (D02 -1- S) through (D62 + S) are restored in the 
register 67. 

The data stored in the register 67 are output to the 
D/A converter 51 via the latch 68 in the next horizontal 
scanning period. The correction data of the correction 
executing points of the adjusting lines are interpolat- 
ed linearly for each scanning line and output from the 
register 67. Further, an interpolation data of the Y ad- 
justing line from the prescribed correction executing 
point Dxy is expressed by the following expression 
(1). 

Dxy + 2xdx(y + 1)xY/n + S (1) 
FIGURE 17 is a graph showing the interpolation 
status with the convergence correction signal levels 
plotted on the vertical axis and the time base on the 
horizontal axis at the valid number of scanning lines 
0 through 240, for each field shown in full scale with 
one horizontal scanning period as a unit The white 
circles in the figure show the correction data of the 
correction executing points of the vertical one row at 
the prescribed horizontal location on the screen. For 
instance, the white circles are corresponding to the 
correction data D00 through D04. Further, FIGURE 
17 shows an example where 7 correction executing 
points are assigned in the vertical direction. As de- 
scribed above, correction data at the correction exe- 
cuting points are interpolated linearly between these 
white circles for each horizontal scanning so that the 
correction signal can be output for all horizontal scan- 
ning periods. 

As described above, on a conventional digital 
convergence apparatus, a correction signal is ob- 
tained for each scanning line and the position of the 
scanning line is corrected by controlling the deflec- 
tion of electron beam on the basis of the correction 
signal. However, there was such a problem that the 
lateral stripes of the scanning lines become conspic- 
uous as the same correction signal is used in both the 
odd field and the even field. 

FIGURE 18 is a diagram for explaining this prob- 
lem. The square marks in FIGURE 18 represent the 
scanning line positions before the correction in the 
odd and even fields, while the circles represent the 
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scanning line positions after the correction. FIGURE 
1 8 shows the correction of the scanning line positions 
in the vertical direction in response to the correction 
signals. 

In FIGURE 1 8, it is shown that the scanning lines s 
A1 , A2, ... in the odd field before the correction, were 
moved in the vertical direction by, for instance, +12, 
+8, +4, 0, -4 f -8 and -12. The "+" sign represents the 
upward direction, while the "-" sign represents the 
downward direction. By this correction, the scanning 10 
lines A1\ A2\ ... in the odd field are displaced to the 
positions with the circles. On the other hand, the 
same correction is performed for the scanning lines 
B1m B2, ... in the even field. That is, the scanning 
lines B1 1 B2, ... in the even field are moved in the vert- 15 
ical direction by +1 2, +8, +4, 0, -4, -8 and -12, respec- 
tively. As a result, the scanning lines B1\ B2' ... in the 
even field are displaced to the positions shown by the 
circles. 

However, as a result of this correction, the dis- 20 
tances between the scanning lines comprising one 
frame will become no longer uniform. For instance, 
the distance between the scanning lines A1' and 
BV after the correction is narrow and the distance be- 
tween the scann ing lines B 1 ' and A2' after the correc- 25 
tion is wide as shown in FIGURE 18. That is, as an in- 
terlaced scanning was carried out, the density of the 
scanning lines in a frame is made rough and fine as 
a result of the same correction in the odd and even 
fields and the lateral stripes of the scanning lines be- 30 
come conspicuous, thus deteriorating the quality of 
picture. In particular, on projection type television re- 
ceivers with a large screen, there was a problem that 
the quality of picture deteriorates remarkably. 

On a conventional digital convergence apparatus 35 
as described above, there was such a problem that 
the density of the scanning lines lacks uniformity as 
a result of using the same correction data in the odd 
and even fields, making the lateral stripes conspicu- 
ous, and thus the quality of picture is deteriorated. 40 

It is, therefore, an object of the present invention 
to provide a digital convergence apparatus which is 
capable of preventing the density of scanning lines 
from lacking uniformity, thus promoting the quality of 
picture. 45 

In order to achieve the above object, a digital con- 
vergence apparatus according to one aspect of the 
present invention includes a first memory for storing 
data for the convergence correction corresponding to 
plural correction executing points aligned in the hori- so 
zontal or vertical direction of a screen, a first static 
convergence data memory for storing a first static 
convergence correction data for correcting the entire 
screen in the same direction, a second static conver- 
gence data memory for storing a second static con- 55 
vergence correction data different from the first static 
convergence correction data only by an amount cor- 
responding to the distance between the scanning 



lines, selecting means for selecting the output of the 
first or the second static convergence data memory 
according to the odd field period or the even field per- 
iod, adding means for adding the output of the select- 
ing means to the data stored in the first memory, and 
vertical interpolating means for interpolating the out- 
put of the adding means in the vertical direction and 
supplying it to a convergence correction coil. 

A digital convergence apparatus according to an- 
other aspect of the present invention includes a hor- 
izontal convergence data memory for storing conver- 
gence correction data corresponding to the horizontal 
direction on a screen for plural correction executing 
points aligned in the horizontal or vertical direction of 
the screen, a vertical convergence data memory tor 
storing the convergence correction data correspond- 
ing to the vertical direction on a screen for plural cor- 
rection executing points, a horizontal static conver- 
gence data memory for storing a horizontal static con- 
vergence correction data for correcting the entire pic- 
ture in the horizontal direction, a first static conver- 
gence data memory for storing a first static conver- 
gence correction data for correcting the entire picture 
in the vertical direction; a second static convergence 
data memory for storing a second static convergence 
correction data different from the first static conver- 
gence correction data by an amount corresponding to 
the distance of the scanning lines, address control 
means for controlling the read of the horizontal and 
vertical memory, selection means for selecting the 
output of the first or the second static convergence 
data memory according to the odd field period or the 
even field period, horizontal adding means for adding 
up the convergence correction data stored in the hor- 
izontal convergence data memory with the horizontal 
static convergence correcting data, vertical adding 
means for adding up the convergence correction data 
with the output of the selection means; horizontal in- 
terpolation means for calculating the convergence 
correction data at prescribed positions in the horizon- 
tal direction between plural correction executing 
points based on the output of the horizontal adding 
means, vertical interpolation means for calculating 
the convergence correction data at prescribed posi- 
tions in the vertical direction between plural correc- 
tion executing points, a horizontal convergence cor- 
rection coil to which the output of the horizontal inter- 
polation means is supplied, and a vertical conver- 
gence correction coil to which the output of the vert- 
ical interpolation means is supplied. 

A digital convergence apparatus according to still 
another aspect of the present invention includes a 
first memory for storing the convergence correction 
data corresponding to plural correction executing 
points aligned in the horizontal or the vertical direc- 
tion of a screen, a static convergence data memory 
for storing a static convergence correction data for 
correcting the entire picture in the same direction, an 
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offset data memory for storing a first offset data to the 
odd field and for storing a second offset data to the 
even field in response to the distance between the 
scanning lines to the static convergence correction 
data, selection means for selecting and reading the s 
first or the second offset data stored in the offset data 
memory according to the odd field period or the even 
field period, adding means for correcting the static 
convergence correction data stored in the static con- 
vergence data memory by the output of the selection 10 
means and for adding the corrected static conver- 
gence correction data to the data stored in the first 
memory, and vertical interpolation means for interpo- 
lating the output of the adding means and for supply- 
ing them to the convergence correction coil. 15 

In the first aspect of the digital convergence ap- 
paratus according to the present invention, the first 
memory stores the convergence correction data cor- 
responding to the plural correction executing points. 
Further, the first or the second static convergence 20 
correction data for correcting the entire picture in the 
same direction is stored in the first or the second sta- 
tic convergence memories, respectively. In the odd 
field, the output of the first static convergence data 
memory is selected by the selection means and the 25 
first static convergence correction data is added to 
the data from the first memory. In the even field, the 
output of the second static convergence data memory 
is selected by the selection means and the second 
static convergence correction data is added to the 30 
data from the first memory. The output from the add- 
ing means is interpolated in the vertical direction by 
the vertical interpolation means and supplied to the 
convergence correction coil. The second static con- 
vergence correction data is set at a data different 35 
from the first static convergence correction data by 
an amount corresponding to the distance between 
the scanning lines. As a result, the distance between 
the scanning lines becomes uniform after the conver- 
gence correction was made. 40 

In the second aspect of the digital convergence 
apparatus according to the present invention, the 
convergence correction data corresponding to the 
horizontal and the vertical direction are stored in the 
horizontal and the vertical convergence memories, 45 
respectively. The horizontal static convergence cor- 
rection date for correcting the entire picture in the hor- 
izontal direction is stored in the horizontal static con- 
vergence data memory. The first and the second sta- 
tic convergence correction data for correcting the en- so 
tire picture are stored in the first and the second static 
convergence memories, respectively. The first or the 
second static convergence correction data is selected 
and output by the selection means according to the 
odd field period or the even field period. As to the vert- 55 
ical direction, the output of the selection means is 
added to the convergence correction data stored in 
the vertical convergence data memory by the vertical 



adding means. The output of the vertical adding 
means is interpolated for each scanning line by the 
vertical interpolation means and supplied to the vert- 
ical convergence correction coil. This makes the dis- 
tance between the scanning lines uniform in the vert- 
ical direction after the correction was made. 

In the third aspect of the digital convergence ap- 
paratus according to the present invention, the con- 
vergence correction data corresponding to plural cor- 
rection executing points are stored in the first mem- 
ory and the static convergence correction data for 
correcting the entire picture in the same direction are 
stored in the static convergence data memory- The 
offset data memory stores the first offset data corre- 
sponding to the odd field for the static convergence 
correction data and the second offset data corre- 
sponding to the even field. The selection means se- 
lects the first or the second offset data according to 
the odd field period or the even field period. After the 
static convergence correction date being corrected 
with the offset date selected by the adding means, the 
corrected static convergence correction data is add- 
ed to the date stored in the first memory to make the 
distance between the scanning lines after the correc- 
tion uniform. 

Additional objects and advantages of the present 
invention will be apparent to persons skilled in the art 
from a study of the following description and the ac- 
companying drawings, which are hereby incorporated 
in and constitute a part of this specification. 

For a better understandings of the present inven- 
tion and many of the attendant advantages thereof, 
reference will now be made by way of example to the 
accompanying drawings, wherein: 

FIGURE 1 is a block diagram showing a first em- 
bodiment of the digital convergence apparatus of 
the present invention; 

FIGURE 2 is a block diagram showing the definite 
construction of a vertical interpolator 71 shown in 
FIGURE 1; 

FIGURE 3 is a drawing for explaining the opera- 
tion of the first embodiment; 
FIGURE 4 is a block diagram showing a second 
embodiment of the present invention; 
FIGURE 5 is a block diagram showing a third em- 
bodiment of the present invention; 
FIGURE 6 is a block diagram showing a fourth 
embodiment of the present invention; 
FIGURE 7 is a block diagram showing a fifth em- 
bodiment of the present invention; 
FIGURE 8 is an explanatory drawing showing a 
projection type television receiver, 
FIGURE 9 is an explanatory drawing showing the 
arrangement of R, G and B projection tubes; 
FIGURE 10 is a block diagram showing a color 
television receiver with a convergence correction 
apparatus incorporated; 

FIGURES 11(a) through 11(c) are explanatory 
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drawings showing Crosshatch patterns displayed 
on a screen; 

FIGURE 12 is a block diagram showing a conven- 
tional digital convergence apparatus; 
FIGURE 13 is a block diagram showing the defi- 
nite construction of a vertical interpolator 50 
shown in FIGURE 12; 

FIGURE 14 is a drawing for explaining correction 
executing points; 

FIGURE 15 is a drawing for explaining correction 
data; 

FIGURE 16 is a drawing for explaining data stor- 
ed in a field memory; 

FIGURE 17 is a graph for explaining the vertical 
interpolation of correction data; and 
FIGURE 18 is a drawing for explaining problems 
involved in a conventional embodiment 
Hereinafter, preferred embodiments of the pres- 
ent invention will be described in reference to the at- 
tached drawings. FIGURE 1 is a block diagram show- 
ing a first embodiment of a digital convergence appa- 
ratus according to the present invention. In FIGURE 
1 , the same elements as those shown in FIGURE 12 
are assigned with the same reference numerals. 

Horizontal and vertical sync signals separated 
from video signals are provided to a read address 
generator 46. The read address generator 46 having 
an arrangement the same as the section 46 defined 
by the broken line in FIGURE 1 3 generates correction 
data read addresses (X address, Y address) based on 
the horizontal and vertical sync signals, and then out- 
puts them to a selector 45. An entry unit 49 provides 
data to a control microcomputer 42 according to the 
manipulation by an operator. The control microcom- 
puter 42 controls a data transfer controller 43 and 
supplies convergence correction data to a data stor- 
age 41 and a field memory 44 via the data transfer 
controller 43. In the field memory 44, the correction 
data is stored as it is for the correction executing 
points of the first adjusting line and a differential data 
of the correction data between the correction execut- 
ing points is stored for the correction executing points 
of the second and subsequent adjusting lines. Fur- 
ther, the correction data and the differential data of 
the correction executing points include convergence 
correction data in the horizontal and vertical direc- 
tions. The correction executing points are those 
points on the odd field. 

The data transfer controller 43 controls the se- 
lecting operation of the selector 45 and provides a 
write address to the field memory 44 via the selector 

45 or a read address from the read address generator 

46 to the field memory 44 via the selector 45. Thus, 
the selector 45 gives the write address to the field 
memory 44 in the data transfer and the read address 
to the field memory 44 in the scanning period. The 
data transfer controller 43 reads out the correction 
data and the differential data stored in the data stor- 



age 41 and gives the write address to the field mem- 
ory 44 via the selector 45 to store the correction data 
and the differential data in the address corresponding 
to the position on the screen. 

5 In this embodiment, the correction data or the dif- 

ferential data read out of the field memory 44 is sup- 
plied to a vertical interpolator 71 . Normally, as only a 
few correction executing points are assigned in the 
vertical direction, the vertical interpolator 71 interpo- 

10 lates the correction data between the correction exe- 
cuting points in the vertical direction. Thus, the cor- 
rection data is obtained for each of all the scanning 
lines. The output of the vertical interpolator 71 is given 
to a D/A converter 51 . The D/A converter 51 converts 

15 the correction data into the analog correction signal 
and output to an LPF 52. The LPF 52 interpolates the 
analog correction signal in the horizontal direction by 
eliminating the harmonic component and outputs the 
signal to an amplifier 53. The amplifier 53 amplifies 

20 the correction signal and supplies to a convergence 
correction coil 32. The convergence correction coil 32 
improves the convergence by controlling the deflec- 
tion of the electron beam according to the correction 
signal. 

25 Further, the output of the read address generator 

46 is also supplied to a pattern generator 56. The pat- 
tern generator 56 generates a pattern signal to indi- 
cate the convergence convergence correction pat- 
tern and outputs the signal to the selector 55. The se- 

30 lector 55 is controlled by the control microcomputer 
42 and selecting either a video signal or the conver- 
gence correction pattern signal, supplies it to a dis- 
play 57. The display 57 displays the input signal while 
the deflection of the screen is controlled by the con- 

35 vergence correction coil 32. 

FIGURE 2 is a block diagram showing the definite 
construction of the vertical interpolator 72 shown in 
FIGURE 1. 

The vertical interpolator 72 is comprised of a vert- 
40 ical interpolator 50, an adder 72, a first static conver- 
gence correction data memory 73, a second static 
convergence correction data memory 74 and a switch 
75. The output of the field memory 44 is supplied to 
the adder 72. The adder 72 adds the static conver- 
ts gence correction data to the correction data read out 
of the field memory 44 and outputs to the vertical in- 
terpolator 50. In this embodiment, as the static con- 
vergence correction data, the static convergence cor- 
rection data S1 from the first static convergence cor- 
50 rectbn data memory 73 and the static convergence 
correction data S2 from the second static conver- 
gence correction data memory 74 are selected and 
supplied to the adder 72. 

The first static convergence correction data 
55 memory 73 stores the static convergence correction 
data S1. The static convergence correction data S1 
is for correcting the deviation of the static conver- 
gence generated by the effects of the earth magnet- 



9 



17 



EP0 689 363 A2 



18 



ism due to the direction of installation, the secular 
change, etc. The second static convergence correc- 
tion data memory 74 stores the static convergence 
correction data S2 which is obtained by further cor- 
recting the static convergence correction data S1 in 5 
response to the distance between the scanning lines 
in the odd and even fields. Further, as the static con- 
vergence correction data S2, for instance, an opti- 
mum data obtained while observing the convergence 
correction pattern in the actual convergence correc- 10 
tion is set These static convergence correction data 
S1 and S2 may be modified by the control microcom- 
puter 42. 

The outputs of the first and the second static con- 
vergence correction data memories 73 and 74 are grv- is 
en to the adder 72 through the switch 75. The switch 
75 selects the output of the first static convergence 
correction data memory 73 in the odd field and the 
output of the second static convergence correction 
data memory 74 in the even field and gives both out- 20 
puts to the adder 72. The adder 72 adds the correc- 
tion data with the static convergence correction data 
S1 or S2 and outputs to the vertical interpolator 50 
and also, outputs the differential data as it is to the 
vertical interpolator 50. 25 

The vertical interpolator 50 is in the same con- 
struction as that of the broken lined portion 50 shown 
in FIGURE 13 and is comprised of a divider to divide 
the differential data by a divisor responsive to the 
number of scanning lines to be interpolated, an adder 30 
to accumulate the output of the divider, a register and 
a latch. The vertical interpolator 50 divides the differ- 
ential data by a divisor which is according to the num- 
ber of scanning lines to be interpolated and by accu- 
mulating the result of this division to the correction 35 
data with the static convergence correction data add- 
ed, interpolates and outputs the correction data for 
each of all the scanning lines between the correction 
executing points. 

In the following, the operation of the embodiment 40 
in the construction as shown above will be described 
referring to the explanatory diagram shown in FIG- 
URE 3. FIGURE 3 shows the positions of the scan- 
ning lines before and after the convergence correc- 
tion. The square marks represent the positions of the 45 
scanning lines in the odd and even fields before the 
correction, while the circles represent the positions of 
the scanning lines after the correction. 

The convergence correction is carried out before 
the shipment of the apparatus. First, the operator so 
makes a convergence correction pattern to be dis- 
played by manipulating the entry unit 49. The pattern 
signal from the pattern generator 56 is supplied to the 
display 57 via the selector 55 and for instance, a 
Crosshatch pattern is displayed on the screen (not 55 
shown) of the display 57. 

The operator performs the convergence correc- 
tion for each correction executing point by manipulat- 



ing the entry unit 49 while observing the screen. The 
data from the entry unit 49 is given to the control mi- 
crocomputer 42. The control microcomputer 42 gives 
the data corresponding to the correction executing 
point of the first adjusting line at the upper end of the 
screen directly to the data storage 41 and the field 
memory 44 as the correction data and gives the dif- 
ferential data with the correction data of the correc- 
tion executing point of the preceding adjusting line to 
the data storage 41 and the field memory 44. This 
convergence correction corrects the deviation of the 
static convergence resulting from errors in the elec- 
tron gun assembling, etc 

In the normal video display, the correction data is 
obtained for each of all the scanning lines using the 
correction data and the differential data stored in the 
data storage 41 and the static convergence correc- 
tion data considering the effects of the place of instal- 
lation and secular change. The data transfer control- 
ler 43 is controlled by the control microcomputer 42 
and transfers the correction data and the differential 
data to the field memory 44. The read address gen- 
erator 46 gives the read address (X address. Y ad- 
dress) to the field memory 44 via the selector 45. In 
this case, the read address is generated at the hori- 
zontal cycle and the same Y address continues by the 
number of times responsive to the number of scan- 
ning lines between the correction executing points in 
the vertical direction. 

The correction data from the field memory 44 is 
supplied to the vertical interpolator 71 . The correction 
data is added with the static convergence correction 
data by the adder 72 of the vertical interpolator 71. 
Now, it is assumed that +(12 - S1 ) is stored in the field 
memory 44 as the correction data in the vertical di- 
rection of the correction executing point K1 at the pre- 
scribed horizontal position of the prescribed adjusting 
line. The "+" sign of the correction data represents a 
convergence correction data in the upward direction, 
while the sign represents a convergence correc- 
tion data in the downward direction. It is further as- 
sumed that the number of scanning lines between the 
correction executing points in the vertical direction is 
"n* end the differential data of the correction data for 
the correction executing point K1 with the correction 
data for the correction executing point K2 of the next 
adjusting line at the same horizontal position is -2n. 

FIGURE 3 shows the status of the correction of 
the scanning lines in the odd and even fields between 
the correction executing points K1 and K2. 

In the odd field, the correction data +(12 - S1) in 
the vertical direction for the correction executing 
point K1 which is read out of the field memory 44 is 
supplied to the adder 72. In the odd field, the switch 
75 select the first static convergence correction data 
memory 73. Thus the static convergence correction 
data S1 stored in the static convergence correction 
data memory 73 is supplied to the adder 72. The ad- 
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der 72 adds the static convergence correction data 
S1 to the connection data and outputs +1 2 via the vert- 
ical interpolator 50. 

The output of the vertical interpolator 50 is con- 
verted into analog signal by the D/A converter 51, s 
subject to the restriction of the band by the LPF 52 
and after amplified by the amplifier 53, supplied to 
the convergence correction coil 32. The scanning line 
k1 of the correction executing point K1 in the odd field 
moves upward by the amount of movement cone- 10 
spending to the correction data +12 according to the 
correction signal supplied to the vertical convergence 
correction coil of the convergence correction coil 32 
as shown in FIGURE 3. 

In the odd field, the differential data -2n is read 15 
out of the field memory 44 at the timing when the 
scanning line k2 next to the scanning line k1 of the 
correction executing point K1 is input The vertical in- 
terpolator 71 gives the differential data -2n as it is to 
the vertical interpolator 50. The vertical interpolator 20 
50 multiplies the differential data by 2/n and adds it 
to the correction data of the scanning line of the cor- 
rection executing point K1 . Thus, + 12-4 = 8 is output 
as the correction data from the vertical interpolator 

50. This correction data is supplied to the conver- 25 
gence correction coil 32 through the D/A converter 

51 , the LPF 52 and the amplifier 53. As a result, in the 
odd field the next scanning line k2 of the correction 
executing point K1 moves in the vertical upward di- 
rection by the amount of movement corresponding to 30 
the correction data +8. Thereafter, the correction data 

is obtained for each of all the scanning lines between 
the correction executing points K1 and K2 in the 
same manner. 

Next, in the even field the scanning line ml which 35 
is next to the scanning line k1 of the correction exe- 
cuting point K1 is corrected. In this case, the correc- 
tion data of the correction executing point K1 is also 
used. The correction data +(12 - S1) from the field 
memory 44 is supplied to the adder 72 of the vertical 40 
interpolator 72. The switch 75 selects the output of the 
second static convergence correction data memory 
74 in the even field. Thus the static convergence cor- 
rection data S2 is supplied to the adder 72. In this em- 
bodiment a numerical data (S1 - 2) corresponding to 45 
the data "2" which represents the scanning line dis- 
tance is set as the static convergence correction data 
S2. 

The adder 72 adds up the read correction data 
with the static convergence correction data S2 and so 
outputs (1 2 - S1 ) + (S1 - 2) = 1 0 as the correction data. 
This correction data is supplied to the convergence 
correction coil 32 from the vertical interpolator 71 
through the D/A converter 51 , the LPF 52 and the am- 
plifier 53. Thus, the scanning line ml is corrected in 55 
the upward direction by the amount of movement cor- 
responding to the correction data +10 as shown in 
FIGURE 3. 



As to the next scanning line m2 in the even field, 
the correction data is obtained using the differential 
data -2n between the correction executing points K1 
and K2. The differential data -2n read out of the field 
memory 44 is multiplied by 2/n by the divider of the 
vertical interpolator 50 and added to the correction 
data of the scanning line ml. That is, +10 - 4 = 6 is 
output from the vertical interpolator 71. The conver- 
gence is corrected according to this correction data 
and the scanning line m2 moves in the upward direc- 
tion by 6 as shown in FIGURE 3. Thereafter, in the 
same manner as above, the correction data is ob- 
tained for each of all the scanning lines in the even 
field between the correction executing points K1 and 
K2 and the convergence is corrected. 

As described above, in this embodiment static 
convergence correction data which are different be- 
tween the odd field and the even field are used and 
the correction data of the odd field different from that 
of the even field by a data equivalent to the distance 
between the scanning lines, accordingly. This makes 
it possible to make the distance between the scan- 
ning lines after the correction uniform and prevent the 
lateral stripes by the interlaced scanning from be- 
coming conspicuous. 

FIGURE 4 is a block diagram showing a second 
embodiment of the present invention, presenting the 
definite construction of the vertical interpolator. In 
FIGURE 4, the same elements as those shown in 
FIGURE 2 are assigned with the same reference nu- 
merals and the explanations are omitted. 

This embodiment is different from the embodi- 
ment shown in FIGURE 1 only in the construction of 
a vertical interpolator 83. In FIGURE 4, the vertical in- 
terpolator 83 is comprised of a static convergence 
correction data output unit 80, a first offset data mem- 
ory 81 , a second offset data memory 82, the switch 
75, the adder 72 and the vertical interpolator 50. The 
static convergence correction data output unit 80 
stores the static convergence correction data S for 
correcting the deviation of the static convergence 
generated by the effects of the earth magnetism 
against the installing direction, secular change, etc 
after the shipment of the projection type television re- 
ceivers and the like. 

This static convergence correction data S is sup- 
plied to the adder 72. The output of the first or the sec- 
ond offset data memory 81 or 82 is given to the adder 
72 through the switch 75. An offset data in the vertical 
direction for preventing the density of the scanning 
lines from lacking uniformity in the odd and even 
fields after the convergence correction is very small. 
Therefore, the correction data for the odd and even 
fields are corrected by adding an offset data to the 
static convergence correction data S in this embodi- 
ment 

The first offset data memory 81 is a type of reg- 
ister for storing a first offset data for correcting the 
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correction data in the odd field, while the second off- 
set data memory 82 Is also a type of register for stor- 
ing a second offset data for correcting the correction 
data in the even field. The switch 75 gives the first off- 
set data to the adder 72 in the odd field period, while 
the second offset data to the adder 72 in the even 
field period. The adder 72 adds the first or the second 
offset data to the correction data from the field mem- 
ory 44, thereby preventing the density of the scan- 
ning lines from lacking uniformity resulting from off- 
set of the positions of the scanning lines of the odd 
and even fields. 

By the way, a relatively high precision is demand- 
ed to the convergence correction and the correction 
data is comprised of 12 bits more than 8 bits adopted 
for general video signals. However, it is sufficient 
enough if the static convergence correction data is 
variable in 256 kinds which are expressed in 8 bits. In 
this embodiment, therefore, for instance, 8 bits in the 
most significant bit (MSB) side of the static conver- 
gence correction data S are given to the adder 72 and, 
for instance, 4 bits in the least significant bit (LSB) 
side of the first or the second offset data is given to 
the adder 72. 

In the following, the operation of the embodiment 
in the construction as described above will be ex- 
plained. 

In the odd field, the switch 75 selects the output 
of the first offset data memory 81. When the correc- 
tion data on the first correction pattern line are read 
out from the field memory 44, the adder 72 adds the 
8 bits of the MSB side of the static convergence cor- 
rection data with the 4 bits of the LSB side of the first 
offset data from the switch 75. Further, in the even 
field, the switch 75 selects the output of the second 
offset data memory 82 and gives to the adder 72. As 
a result, in the even field, the correction data of the 
first adjusting line added with the second offset data 
are supplied to the vertical interpolator 50. 

When the first offset data and the second offset 
data are set in response to the distance between the 
scanning lines it becomes possible to make the scan- 
ning line distance uniform after the correction like- 
wise the embodiment shown in FIGURE 2. Other op- 
erations are the same as those of the embodiment 
shown in FIGURE 2. 

This embodiment has an advantage that the 
memory capacity can be reduced to less than that of 
the embodiment shown in FIGURE 2 as it is sufficient 
enough to provide one memory for storing the static 
convergence correction data and two memories for 
storing the offset data. 

FIGURE 5 is a block diagram showing a third em- 
bodiment of the present invention, presenting the def- 
inite construction of the vertical interpolator. In FIG- 
URE 5, the same elements as those shown in FIG- 
URE 4 will be assigned with the same reference nu- 
merals and the explanations will be omitted. 



The vertical interpolator 85 of this embodiment is 
different from the vertical interpolator of the embodi- 
ment shown in FIGURE 4 in that the adders 47 and 
84 are provided instead of the adder 72. The adder 47 

5 adds the static convergence correction data S from 
the static convergence correction data output unit 80 
to the correction data from the field memory 44 and 
outputs the added result to the adder 84. The adder 
84 adds the first or the second offset data from the 

10 switch 75 to the output of the adder 47 and outputs 
the added result to the vertical interpolator 50. 

In the embodiment in the construction as descri- 
bed above, the static convergence correction data S 
is added to the correction data in the adder 47. Fur- 

15 ther, in the odd field the first offset data is added to 
the output of the adder 47 by the adder 84, while in 
the even field the second offset data is added to the 
output of the adder 47. 

Other operations and effects are the same as 

20 those of the embodiment shown in FIGURE 4. 

FIGURE 6 is a block diagram showing a fourth 
embodiment of the present invention, presenting the 
definite construction of the vertical interpolator. In 
FIGURE 6, the same elements as those shown in 

25 FIGURE 4 are assigned with the same reference nu- 
merals and the explanations are omitted. 

The vertical interpolator 98 of this embodiment is 
different from that of the embodiment shown in FIG- 
URE 4 in that a first and a second offset data merrv 

30 ones 96 and 97 are used for the first and the second 
offset data memories 81 and 82. In the preceding em- 
bodiments, the static convergence correction data 
are corrected for each field in response to the dis- 
tance between the scanning lines, while the same 

35 correction data are used uniformly on the screen. On 
the other hand, in this embodiment optimum data cor- 
responding to the positions on the screen are used as 
the correction data. 

In the first and the second offset data memories 

40 96 and 97, optimum offset data corresponding to the 
odd and even field positions on the screen are stored. 
That is, the first and the second offset data memories 
96 and 97 are the field memories to store offset data 
of the various points on the screen. 

45 In the embodiment in the construction as descri- 
bed above, when the correction data for the correc- 
tion executing points of the first adjusting line are 
read out of the field memory 44 in the odd field, the 
adder 72 adds up the MSB of the static convergence 

50 correction data S and the LSB of the offset data from 
the first offset data memory 96. In this case, an opti- 
mum offset data is added according to the location on 
the screen. Thus, the convergence of the screen of 
the odd field is corrected with the high precision. 

55 When the correction data for the correction exe- 
cuting points of the first adjusting line are read out of 
the field memory 44 in the even field, the adder 72 
adds up the MSB of the static convergence correction 
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data S with the LS B of the offset data from the second 
of feet data memory 97. Thus, the convergence of the 
screen of the even field is corrected with the high pre- 
cision. 

In this embodiment it is clear that ft is possible to 
make the scanning line distances after the conver- 
gence correction uniform when the offset data to be 
stored in the first and the second offset data memor- 
ies 96 and 97 are set in response to the distance be- 
tween the scanning lines. In this embodiment it is pos- 
sible to make the satisfactory correction of the con- 
vergence uniformly on the overall screen as optimum 
offset data corresponding to the positions on the 
screen are added. 

FIGURE 7 is a block diagram showing a fifth em- 
bodiment of the present invention, presenting the def- 
inite construction of the vertical interpolator. In FIG- 
URE 7, the same elements as those shown in FIG- 
URE 5 are assigned with the same reference numer- 
als and the explanations are omitted. This embodi- 
ment enables the correction of the convergence of the 
HDTV (High Definition Television) system or the ATV 
(Advanced Television) system using the circuits 
adopted for the NTSC color television system. 

The vertical interpolator 90 of this embodiment is 
different from that of the embodiment shown in FIG- 
URE 5 in that a switch 91 is used for the switch 75 and 
a first through a fourth offset data memories 92 
through 95 are provided for the first and the second 
offset data memories 81 and 82. A switch 91 outputs 
the outputs of the first through the fourth offset data 
memories 92 through 95 selectively to the adder 84. 

The first and the second offset data memories 92 
and 93 are the registers to maintain the first and the 
second offset data for correcting the correction data 
in the odd field and the third and the fourth offset data 
memories 94 and 95 are the registers to maintain the 
third and the fourth offset data for correcting the cor- 
rection data in the even field. In the case where video 
signals of the NTSC color television system are being 
projected, the switch 91 outputs the output of the first 
offset data memory 92 in the odd field and the output 
of the third offset data memory 93 in the even field. 
Further, in the case where the HDTV or the ATV sys- 
tem video of which scanning lines are about two times 
of the NTSC system video signals is being projected, 
the switch 91 outputs the outputs of the first and the 
second offset data memories 92 and 93 by changing 
over them for every horizontal scanning period in the 
odd field and the outputs of the third and the fourth 
offset data memories 94 and 95 by changing over 
them for every horizontal scanning period in the even 
field. 

In the embodiment as described above, the first 
through the fourth offset data from the first through 
the fourth offset data memories are selectively sup- 
plies to the adder 84. In the case where the NTSC col- 
or television system video signals are being project- 



ed, the switch 91 outputs the output of the first offset 
data memory 92 in the odd field and the output of the 
third offset data memory 94 in the even field. In this 
case, the same operations as in the embodiment 

5 shown in FIGURE 4 are carried out 

In the case where the HDTV or the TVA system 
video is being projected, the switch 91 selects the out- 
puts of the first and the second offset data memories 
92 and 93 in the odd field. That is, the output of the 

10 first offset data memory 92 is selected in the odd line 
of the odd field and the output of the second offset 
data memory 93 is selected in the even line. Thus, it 
becomes possible to correct the convergence of the 
odd field of the HDTV or the ATV system video of 

is which scanning lines are about two times of the NTSC 
color television system. 

In the similar manner, in the odd field, the switch 
91 selects the output of the third offset data memory 
94 in the odd line and the output of the fourth offset 

20 data memory 95 in the even line. Thus, it is enabled 
to correct the convergence using the NTSC circuits 
also for the HDTV or the ATV circuits. 

As described above, the present invention can 
provide an extremely preferable digital convergence 

25 apparatus which improves the quality of screen by 
preventing the density of the scanning lines from 
lacking uniformity even when the convergence is cor- 
rected. 

While there have been illustrated and described 

30 what are at present considered to be preferred em- 
bodiments of the present invention, it will be under- 
stood by those skilled in the art that various changes 
and modifications may be made, and equivalents 
may be substituted for elements thereof without de- 

35 parting from the true scope of the present invention. 
In addition, many modifications may be made to 
adapt a particular situation or material to the teaching 
of the present invention without departing from the 
central scope thereof. Therefor, it is intended that the 

40 present invention not be limited to the particular em- 
bodiment disclosed as the best mode contemplated 
for carrying out the present invention, but that the 
present invention includes all embodiments falling 
within the scope of the appended claims. 

45 The foregoing description and the drawings are 
regarded by the applicant as including a variety of in- 
dividually inventive concepts, some of which may lie 
partially or wholly outside the scope of some or all of 
the following claims. The fact that the applicant has 

50 chosen at the time of filing of the present application 
to restrict the claimed scope of protection in accor- 
dance with the following claims is not to be taken as 
a disclaimer or alternative inventive concepts that are 
included in the contents of the application and could 

55 be defined by claims differing in scope from the fol- 
lowing claims, which different claims may be adopted 
subsequently during prosecution, for example, for the 
purposes of a divisional application. 
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Claims 

1. A digital convergence apparatus, comprising: 

a first memory for storing convergence 
correction data for plural correction executing s 
points aligned in the horizontal or vertical direc- 
tion on a screen; 

a first static convergence data memory for 
storing a first static convergence compensation 
data for correcting the entire screen in the same 10 
direction; 

a second static convergence data memory 
for storing a second static convergence compen- 
sation data which is different from the first static 
convergency compensation data by an amount is 
corresponding to a distance between scanning 
lines; 

means for selecting an output of the first or 
the second static convergence compensation 
data memory in response to the odd field period 20 
or the even field field; 

means for adding the output of the select- 
ing means to the data output from in the first 
memory; and 

vertical interpolation means for interpolat- 25 
ing the output of the adding means in the vertical 
direction and supplying it to a convergence cor- 
rection coil. 

2. A digital convergence apparatus as claimed in 30 
claim 1, characterized in that; the data stored in 

the first memory, the first static convergence 
compensation data and the second static conver- 
gence compensation data include data assigned 
for correcting the convergence in the horizontal 35 
and vertical directions of the screen, and the con- 
vergence correction coils are those associated to 
the convergence corrections in the horizontal and 
vertical directions of the screen, respectively. 

40 

3. Adigital convergence apparatus characterized in 
that the convergence correction data stored in 
the first memory comprises the convergence 
compensation data assigned for the correction 
executing points on a prescribed horizontal scan- 45 
ning line and differential data between the com- 
pensation data of the correction executing points 
which are mutually adjacent in the vertical direc- 
tion. 

50 

4. A digital convergence apparatus comprising: 

a horizontal convergence compensation 
data memory for storing horizontal convergence 
compensation data for a plurality of correction 
executing points for correcting convergence in 55 
the horizontal drection on a screen; 

a vertical convergence compensation 
data memory for storing vertical convergence 



compensation data for the plurality of correction 
executing points for correcting convergence in 
the vertical direction on the screen; 

a horizontal static convergence data mem- 
ory for storing a horizontal static convergence 
compensation data for correcting convergence in 
the horizontal direction on the entire screen; 

a first static convergence compensation 
data memory for storing a first static conver- 
gence compensation data for correcting conver- 
gence on the entire screen in the vertical direc- 
tion; 

a second static convergence compensa- 
tion data memory for storing a second static con- 
vergence compensation data that is different 
from the first static convergence compensation 
data by a data corresponding to the distance be- 
tween the scanning lines; 

address control means for controlling the 
readout from the horizontal and vertical conver- 
gence data memories; 

means for selecting an output of the first or 
the second static convergence data memory in 
response to the odd field period or the even field 
period; 

horizontal adding means for adding the 
convergence compensation data stored in the 
horizontal convergence compensation data 
memory with the horizontal static convergence 
compensation data; 

vertical adding means for adding the con- 
vergence compensation data stored in the verti- 
cal convergence compensation data memory 
with the output from the selection means; 

horizontal interpolation means for calcu- 
lating a convergence compensation data at a pre- 
scribed position between horizontally adjacent 
correction executing points based on the output 
of the horizontal adding means; 

vertical interpolation means for calculating 
a convergence compensation data at a prescri- 
bed position between vertically adjacent correc- 
tion executing points base don the output of the 
vertical adding means; 

a horizontal convergence correction coil to 
which the output of the horizontal interpolation 
means is supplied; and 

a vertical convergence correction coil to 
which the output of the vertical interpolation 
means is supplied. 

5. A digital convergence apparatus, comprising: 

a first memory for storing convergence 
correction data for a plurality of correction exe- 
cuting points aligned in the horizontal or the vert- 
ical direction on a screen; 

a static convergence data memory for 
storing a static convergence correction data for 
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correcting the entire screen in the same direction; 

an offset data memory for storing a first 
offset data for an odd field and a second offset 
data for an even field to the static convergence 
correction data in response to the distance be- 5 
tween the scanning lines; 

means for selectively reading the first or 
the second offset data stored in the offset data 
memory according to the odd field period or the 
even field field; w 

adding means for correcting the static con- 
vergence correction data stored in the static con- 
vergence data memory by the output from the se- 
lecting means and adding the corrected static 
convergence correction data to the data stored in 15 
the first memory; and 

vertical interpolating means for interpolat- 
ing the output of the adding means in the vertical 
direction and supplying the output to the conver- 
gence correction coil. 20 

6. A digital convergence apparatus as claimed in 
claim 5, characterized in that the static conver- 
gence data memory is provided for storing a sta- 
tic convergence correction data corresponding to 25 
an upper bit of the convergence correction data 
stored in the first memory; and 

the offset data memory is provided for 
storing a first and a second offset data corre- 
sponding to lower bits of the convergence correc- 30 
tion data stored in the first memory. 

7. A digital convergence apparatus as claimed in 
claim 5, characterized in that the third memory is 
provided for storing a first and a second offset 35 
data for the odd field as well as a third and a 
fourth offset data for the even field to the static 
convergence correction data in response to the 
distance between the scanning lines. 

40 

8. A digital convergence apparatus as claimed in 
claim 5, characterized in that the offset data 
memory is provided for storing a plurality of offset 
data for the odd field as well as a plurality of of feet 
data for the even field to the static convergence 45 
correction data according to the positions on a 
screen in response to the distance between the 
scanning lines. 
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